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Angiotensin II is the principle effector molecule of the renin angio-
tensin system (RAS). It exerts its various actions on the cardiovascular
and renal system, mainly via interaction with the angiotensin II type-1
receptor (AT1R), which contributes to blood pressure regulation
and development of hypertension but may also mediate effects on
the immune system. Here we study the role of the RAS in myelin-
oligodendrocyte glycoprotein-induced experimental autoimmune
encephalomyelitis (MOG-EAE), a model mimicking many aspects of
multiple sclerosis. Quantitative RT-PCR analyses showed an up-
regulation of renin, angiotensin-converting enzyme, as well as
AT1R in the inflamed spinal cord and the immune system, including
antigen presenting cells (APC). Treatment with the renin inhibitor
aliskiren, the angiotensin II converting-enzyme inhibitor enalapril, as
well as preventive or therapeutic application of the AT1R antagonist
losartan, resulted in a significantly ameliorated course of MOG-EAE.
Blockade of AT1R did not directly impact on T-cell responses, but
significantly reduced numbers of CD11b� or CD11c� APC in immune
organs and in the inflamed spinal cord. Additionally, AT1R blockade
impaired the expression of CCL2, CCL3, and CXCL10, and reduced
CCL2-induced APC migration. Our findings suggest a pivotal role of
the RAS in autoimmune inflammation of the central nervous system
and identify RAS blockade as a potential new target for multiple
sclerosis therapy.

antigen presenting cell � blood pressure � chemokine � multiple sclerosis

The renin angiotensin system (RAS) plays a major role in the
cardiovascular system. Renin cleaves angiotensinogen to an-

giotensin I (AngI). AngI is further processed by angiotensin-
converting enzyme and angiotensin-converting enzyme 2 (ACE/
ACE2) to different Ang cleavage products, among them
angiotensin II (AngII) (1). In mice, AngII exerts its actions on the
cardiovascular and renal systems, mainly via interaction with the
AngII type-1a receptor (AT1aR) and type-1b receptor (AT1bR).
AngII enhances the release of catecholamines from the adrenal
gland and nerve terminals, increases thirst, and promotes salt
retention and vasoconstriction, thus significantly contributing to the
development of hypertension (2). Moreover, AngII promotes the
development of atherosclerosis where the pathogenic role of AngII
has been linked to the monocyte chemoattractant protein CCL2
and its receptor CCR2 (3, 4). Recently, the RAS and AngII have
also been implicated in inflammatory processes. In hypertensive
rats, immunosuppressive treatment protects against AngII-induced
renal damage (5). Further studies in RAG-1–/– mice highlight the
role of T cells in the pathogenesis of AngII-induced hypertension
and vascular dysfunction (6). A relevance of AngII for inflamma-
tory responses in humans was recently shown in kidney transplant
patients, where the presence of AT1R-activating antibodies is
associated with allograft rejection (7).

In many clinical trials, modulators of the RAS-including ACE
inhibitors or AT1R antagonists display beneficial effects in the
treatment of cardiovascular diseases (8), and thus are widely used
in clinical practice. One such approach is the pharmacological
blockade of the AT1R by losartan, which in contrast to other AT1R

blockers, like telmisartan, does not display additional peroxisome
proliferator-activating receptor (PPAR)� agonistic effects (9).
Here we investigate the role of the RAS during autoimmune
inflammation of the CNS in the model of myelin oligodendrocyte
glycoprotein-induced experimental autoimmune encephalomyelitis
(MOG-EAE), which mimics many aspects of multiple sclerosis (10).
In particular, MOG-EAE is characterized by Th1 and Th17 re-
sponses, infiltration of macrophages, and a critical role of different
antigen presenting cell (APC) populations, like CNS-derived den-
dritic cells (DCs) (11), but no relation of the inflammatory response
to the blood pressure. We show that during autoimmune inflam-
mation, the RAS is up-regulated in the immune system and exerts
its functions mainly via AT1R in a blood pressure-independent
manner by modulating APC populations and governing the expres-
sion of chemokines.

Results
Expression of RAS Components During MOG-EAE. Compared to naive
mice, MOG-EAE-diseased mice displayed a trend toward an
increased renin activity in the serum on day 31 postimmuniza-
tion (p.i.), while in the spinal cord and spleen, renin mRNA
expression was significantly increased. In the serum, we could
not delineate any difference in ACE activities between mice
suffering from MOG-EAE (day 31 p.i.), and healthy control
mice, yet there was a significant gender effect with higher ACE
activities in males (Fig. S1). RT-PCR analyses of inflamed spinal
cord and spleen (Fig. 1 A–D) revealed a significantly increased
expression of AT1aR (up to 2-fold) and AT1bR (up to 7-fold),
as well as ACE, which could be down-regulated by the AT1R
blocker losartan. Upon direct comparison, expression of AT1bR
in the spleen and spinal cord was 17- to 70-fold higher than the
respective levels of AT1aR (Table 1).

We next analyzed the expression of ATR and ACE, as well as
ACE2, in different immune cell subsets. In contrast to AT1bR,
expression of AT1aR was not detectable in peritoneal macrophages
and T cells of naive control mice, while in DCs both AT1aR and
AT1bR were significantly up-regulated during DC maturation (Fig.
1 E–H and Fig. S2). Subsequently, we investigated the influence of
MOG-EAE on the expression of RAS components in immune cells.
On day 16 p.i., the expression of AT1aR, AT1bR, ACE, and ACE2
were significantly increased in peritoneal macrophages in compar-
ison to healthy controls. In peritoneal macrophages from EAE
mice, AT1R blockade down-regulated expression of AT1aR, but
not AT1bR, ACE, or ACE2 (see Fig. 1 and Fig. S2). Additionally,
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we found a significant increase of AT1aR and AT1bR expression
in T cells from EAE mice, while ACE and ACE2 were rather
down-regulated as compared to healthy controls (see Fig. S2). All

immune cell subsets including DCs displayed a predominant ex-
pression of AT1bR compared to AT1aR, which was especially
evident in macrophages from EAE mice with a 3,000-fold increase
(see Table 1).

Functional Role of the RAS During MOG-EAE as Revealed by Pharma-
cological Blockade. To investigate the role of renin or ACE as
critical enzymes in RAS signaling pathways, we treated mice with
the human renin inhibitor aliskiren (25 mg/kg body weight) (12)
or the ACE inhibitor enalapril (10 mg/kg body weight). Preven-
tive treatment with both compounds starting on day –3 p.i.
significantly ameliorated the course of MOG-EAE in compar-
ison to controls receiving carrier only (Fig. 2 A and B). To
examine the receptor pathways, mice were treated with losartan,
which blocks both the AT1aR and AT1bR without intrinsic
PPAR� agonistic function. Preventive application of losartan in
males (Fig. 2C) as well as females (Fig. S3a) significantly
ameliorated the course of MOG-EAE similar to aliskiren.
Losartan treatment at dosages of 30 mg/kg or 120 mg/kg body
weight resulted in a later onset and a delayed maximum of
disease. In the later phase of MOG-EAE, losartan-treated mice
displayed a milder disease course with only tail weakness while
in the control group, disability incrementally increased (Fig. S3b
and see Fig. 2C) (P � 0.05). We also tested a therapeutic
approach with application of losartan after the onset of MOG-
EAE (day 12 p.i.). Here, the efficacy of losartan was compared
to the vasodilatator hydralazine to exclude blood pressure-
related effects. Both losartan and hydralazine lowered the blood
pressure to a similar degree as in AT1aR knockout (agtr1–/–)
mice (Fig. 2F), while only losartan significantly ameliorated the
course of EAE (Fig. 2D).

Finally, we were interested to discriminate between effects
mediated via AT1aR and AT1bR and studied MOG-EAE in
agtr1–/– mice. These mice express unaltered levels of AT1bR (Fig.
S3c), but increased renin levels in the spinal cord and spleen (see
Fig. S3 d and e). In contrast to the application of losartan and
aliskiren in MOG-EAE, the disease course in agtr1–/– mice was
more severe. Agtr1–/– mice displayed a paraparesis, while age-
and gender-matched control mice only suffered from gait ataxia
(Fig. 2E). To further confirm the pivotal role of the AT1bR as
proinflammatory mediator in EAE, we treated agtr1–/– mice with
losartan and observed a significant therapeutic effect (see Fig.
2E), thus speaking for the pivotal role of AT1bR as proinflam-
matory mediator in EAE.

Role of AT1R for APC Function in EAE. Histopathological analyses of
the spinal cord after preventive blockade of AT1R by losartan
revealed reduced numbers of inflammatory CD3� T cells and
Mac-3� macrophages/microglia in losartan-treated mice on day 18
and day 31 p.i. (Table 2). Preventive application of losartan in vivo
starting on day –3 p.i. did not influence ex vivo T-cell proliferation
in a recall assay after stimulation with MOG or ConA (Fig. 3A). In
vivo AT1R blockade did not alter expression of IFN-�, IL-17, IL-5,

Fig. 1. Expression of RAS components during MOG-EAE (day 31 p.i.). Induc-
tion of MOG-EAE leads to an (A) up to 2-fold increase in AT1aR expression and
(B) up to 6-fold increase in AT1bR in the spinal cord, as well as to a (C) small
increase in AT1aR expression and (D) significant increase in AT1bR expression
in the spleen. In comparison to naive control mice, AT1aR (E) and AT1bR (F) on
peritoneal macrophages derived from EAE diseased mice are both massively
up-regulated, and can be down-regulated by losartan. Data are presented as
relative expression with the respective gene expression in naive control mice
or EAE mice set to 1 (n � 4–8 per group). n.d. � not detectable. In myeloid DCs
prepared from murine bone marrow, expression of AT1aR (G) and AT1bR (H)
is significantly up-regulated during differentiation in vitro from day 0 (d0),
day 4 (d4), and day 7 (d7) until day 9 (d9).

Table 1. Relation of AT1aR to AT1bR mRNA expression in the spinal cord, spleen,
macrophages, T cells, and DCs in naive mice and after EAE induction with or without losartan
treatment

Ratio AT1bR/AT1aR
in naive mice

Ratio AT1bR/AT1aR
in MOG-EAE mice

Ratio AT1bR/AT1aR after
AT1R blockade in MOG-EAE

Spinal cord 29.4 � 4.3 18.2 � 9.2 48.7 � 22.0
Spleen 16.8 � 7.5 68.3 � 35.1 58.6 � 18.8
Macrophages n.d. 1,113.8 � 467.0 3,063.7 � 855.7
T cells n.d. 3.2 � 0.6 20.5 � 5.2
DCs 3.0 � 0.4 n.d. n.d.

Data are given as mean � SD
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IL-10, and TGF-� in supernatants from these ex vivo cultures (Fig.
S4a). On day 10 p.i., frequencies of CD25� FoxP3� regulatory T
cells (Treg) in spleen, mesenteric, and inguinal lymph nodes and

spinal cord were not different between losartan- and vehicle-
treated mice, which was also observed after immunization with
complete Freund’s adjuvant (CFA) only (Fig. 3B). Finally, transfer
of T cells from losartan- vs. vehicle-treated mice into recipients 1
day before immunization did not reveal beneficial effects on the
course of MOG-EAE (Fig. S4b). Upon investigation of immune
organs from losartan-treated mice, we found a significantly reduced
number of splenocytes in MOG-immunized and losartan-treated
mice (101 � 11 mio; n � 8) vs. sham-treated controls (167 � 12 mio;
n � 5, P � 0.002) and mice immunized with CFA only (187 � 14
mio; n � 9). Yet, losartan treatment did not influence numbers of
annexin V or propidium iodide-positive, apoptotic or necrotic
splenocytes ex vivo or after 4 or 48 h in vitro. Further FACS analyses
revealed a reduction in absolute numbers of CD11b� APC and
CD11c� APC in MOG/CFA or CFA-only immunized mice treated
with losartan (Fig. 3C). In contrast, numbers of CD4� or CD8� T
cells, as well as natural killer (NK) cells and NK T cells remained
unchanged (Fig. S4c). We found that losartan reduced the numbers
of CD11b� Ly6clow monocytes as well as CD11b� CD11c� myeloid
DCs, and also CD11c� PDCA-1� or CD11c� Ly6c� plasmacytoid
DCs (see Fig. 3C). Expression of MHC-II or costimulatory mole-
cules (CD80/CD86) on macrophages was not different after AT1R
blockade. We corroborated these data by immunohistochemistry
for CD11b and CD11c on day 18 p.i. In comparison to vehicle-
treated controls, F4/80�, CD11b�, or CD11c� cells were reduced
in the spleen and in the spinal cord of losartan-treated mice (Fig.
3D). To investigate the specificity of the findings in MOG-EAE, we
investigated the delayed-type hypersensitivity (DTH) response
after injection of ovalbumin and CFA. Losartan treatment resulted
in a significant reduction of foot-pad swelling (day 7 and day 14 p.i.)
(Fig. 3E). In summary, these data speak for an activity of AT1R
blockade in the effector stage of autoimmune inflammation.

The AT1R Exerts Effects on APC via Interference with Chemokine-
Mediated Migration. In view of the effects of AT1R blockade on
the distribution of different APC subsets, we investigated the
expression of chemokines. In acute (day 16 p.i.) and chronic
EAE (day 31 p.i.), mRNA levels of CCL2, CCL3, and CXCL10
were significantly reduced in the spleen and inflamed spinal cord
of losartan-treated mice, while the expression of CCL5 was not
changed (Fig. 4A). Similar results were obtained upon RT-PCR
analysis of macrophages (Fig. S5). In culture of peritoneal
macrophages from EAE mice, protein expression of CCL2 and
CXCL10 was reduced after preventive treatment with losartan
in vivo (Fig. 4B). Finally, we tested the application of losartan in
a macrophage chemotaxis assay in vitro. While the propensity to
migrate was significantly increased upon stimulation with CCL2,
this effect could be blocked after addition of losartan (Fig. 4C).

Discussion
Here we show that the RAS is expressed in the immune system
during MOG-EAE, which is well in line with studies in cardio-
vascular disease models (6). Moreover, both blockade of the
RAS by direct renin inhibition and ACE inhibition, as well as
AT1R blockade, significantly ameliorate the clinical course of

Fig. 2. Functional role of the RAS during MOG-EAE. In (A) to (E), the duration
of treatment is indicated by a black bar on top of the respective graphs. (A–C)
Preventive inhibition of RAS components. (A) Treatment with aliskiren (n � 22 vs.
20 mice per group, P � 0.05 on day 28 p.i., data are pooled from a total of 3
experiments), (B) enalapril (n � 7 vs. 8 mice; P � 0.05 on day 26 p.i., a represen-
tative experiment is shown), and (C) losartan (n � 19 vs. 21 mice; P � 0.01 on day
31 p.i., data are pooled from 3 independent experiments) lead to an ameliorated
course of MOG-EAE. (D) Therapeutic losartan application after onset of EAE
results in an ameliorated disease course. Data are pooled from 2 independent
experiments (n � 11 vs. 12 mice; P � 0.05 on day 38 p.i.). (E) Agtr1–/– mice display
amoreseverediseasecourseofMOG-EAE(n�7wild-typeandn�6agtr1–/– mice,
P � 0.05 on day 27 p.i.). Upon treatment with losartan, there is a therapeutic
effect both in wild-type and agtr1–/– mice. (F) Therapeutic efficacy of losartan in
MOG-EAE is independent from the blood pressure. Application of losartan or
dihydralazine in MOG-EAE leads to a similar lowered blood pressure as in agtr1–/–

mice, where the effect can only slightly be extended by AT1R blockade. In
contrast, immunization with MOG or CFA does not alter the blood pressure in
comparison to naive control mice. Data are pooled from 4 independent experi-
ments (n � 7 for naive mice, n � 15 for the EAE control, n � 9 for the losartan
treated and n � 5 for the hydralazine treated group, n � 5 for the complete
Freund’s adjuvant (CFA) control, n � 4 for agtr1–/– mice).

Table 2. Histopathological analysis of spinal cord cross-sections from losartan- (n � 4) vs.
vehicle-treated mice (n � 6) on day 18 and day 31 p.i. of MOG-EAE

Day 18 p.i. Day 31 p.i.

Control Losartan Control Losartan

Inflammatory index 8.4 � 2.7 0.6 � 0.6* 2.1 � 0.3 1.5 � 0.2*
Mac-3 pos. cells/mm2 2042 � 244 440 � 116*** 784 � 93 502 � 97**
CD-3 pos. cells/mm2 638 � 54 91 � 47*** 346 � 38 224 � 44**

P values were considered significant at *P � 0.05 and highly significant at **P � 0.01 or ***P � 0.001.
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EAE. These data show a functional, blood pressure-independent
role of the RAS in autoimmune inflammation of the CNS.
Successful blockade of the RAS already at the level of renin
indicates that mainly AngII and not other Ang peptides promote
the pathogenesis of MOG-EAE. The clinical course of EAE
after AT1R blockade implies a pivotal function of the AT1R for
proinflammatory responses. The prevalence of AT1b receptors
in immune cells, as well as the course of EAE in agtr1–/– mice
point at the importance of AT1bR, while in the cardiovascular
system and kidney, AT1aR plays a role (4). These data on the
proinflammatory role of AT1bR in immune cells are well in line
with a more severe interstitial fibrosis in agtr1a�/� mice (13), as
well as observations on the course of autoimmune nephritis in
agtr1a–/– mice (14).

While AT1R is expressed on both T cells and APC, modulation
of the RAS in EAE especially affects CD11b� as well as CD11c�

APC. In particular, blockade of AT1R interferes with migration of
CD11b� Ly6clow monocytes, but also affects different populations
of CD11c� DCs in which the importance of the RAS was high-
lighted in previous studies (5, 15). On the one hand, this effect on
APC may decrease macrophages in the inflamed CNS. On the
other hand, it also limits numbers of DCs, whose presence in the
CNS is crucial for the local activation of infiltrating T cells and, thus,
the initiation and progression of EAE (11). An influence of the
RAS on migration of CD11b� monocytes and DCs was also shown
in models of cardiovascular disease, like atherosclerosis, where
chemokines and their receptors, such as CCL2 and CCR5, may be
involved (3, 16). In particular, inhibition of the RAS at the level of
AngII formation or AT1R may affect adhesion of monocytes to

Fig. 3. Pharmacologic blockade of AT1R in MOG-EAE targets antigen pre-
senting cells. (A) Losartan treatment does not alter T-cell proliferation in
response to MOG35–55 or ConA. Data are pooled from 3 independent exper-
iments (n � 10 vs. 13 mice). (B) FACS analysis of CD25� FoxP3� T cells on day
10 p.i. reveals similar frequencies of CD4� regulatory T cells in the mesenterial
(mLN), inguinal lymph nodes (iLN), spleen, or spinal cord (SC) on day 10 of
MOG-EAE or after immunization with CFA only. Data are pooled from 2
representative out of 4 experiments (n � 4 mice per group). (C) Upon FACS
analyses of APC frequencies in the spleen on day 10 p.i., losartan treatment
leads to about a 50% reduction of different APC subsets (n � 5 per group). (D)
Reduction of CD11c� DCs in the spleen and CD11b� APC as well as F4/80�

macrophages on spinal cord cross-sections on day 18 p.i. after preventive
losartan application. Representative images from the spleen and the anterior
columns of the thoracolumbar spinal cord are shown. (Scale bar, 50 �m for all
images.) (E) In comparison to baseline, injection of ovalbumin and CFA leads
to increased foot swelling on day 7 and 14 p.i, which is significantly reduced
after losartan treatment starting on day –3 p.i. (n � 8 per group).

Fig. 4. AT1R blockade in MOG-EAE affects chemokine-induced APC migra-
tion. (A) After losartan treatment, CCL2 and CXCL10 are significantly reduced
in the spleen and CCL2, CCL3, and CXCL10 are reduced in the spinal cord on day
31 p.i. of MOG-EAE. Data are presented as relative expression with the
respective chemokine expression in the vehicle-treated mice set to 1 (n � 5 per
group). (B) Preventive AT1R blockade until day 16 p.i. impairs CCL2 and CCL3
production in macrophages on the protein level (n � 4 vs. 3 mice per group).
(C) In an ex vivo migration assay, application of CCL2 induces migration of
macrophages in comparison to medium, which can be blocked by addition of
losartan. Data are pooled from 2 independent experiments (total of 5 mice per
group).
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blood vessels or migration of monocytes into atherosclerotic
plaques (17). In EAE, the inhibition of APC migration may be
mediated by an effect of the RAS on chemokine expression. Well
in line with this observation, RAS blockade reduced the AngII-
induced release of the chemokine CCL2 in monocytes in vitro
and in vivo (18, 19). On a molecular level, the effects of AT1R
blockade on chemokine expression may be explained by an im-
paired activation of NF-�B, which is a key regulator of the CCL2
gene (20). Previous studies revealed that AngII is a potent activator
of NF-�B-mediated pathways in vitro and in vivo in models of
cardiovascular and renal disease (21). Consequently, inhibition of
NF-�B protects from AngII-induced organ damage (22). In reverse,
RAS blockade may also impair NF-�B activation (18).

In addition to its effects on APC, components of the RAS may
regulate T-cell functions (6, 23). Preliminary data in T cell-
mediated autoimmunity already point to a role for the RAS in
inflammation, and application of the ACE inhibitor captopril in
EAE provided beneficial effects (24). However, ACE inhibitors
do not only block AngII formation but also affect bradykinine
pathways, which may also modulate autoimmunity of the CNS
(25). The results in agtr1–/– mice and with the renin inhibitor
aliskiren support the concept that in EAE, targeting the RAS
acts via AngII-mediated pathways. While telmisartan suppresses
experimental autoimmune uveitis (26), it also possesses a
PPAR� agonistic effect (9), which somehow limits the specificity
of this observation for the RAS. Our data extend these previous
findings and definitely identify the AT1R as a pivotal RAS
signaling pathway in autoimmune inflammation that is linked to
APC function independent of bradykinine or PPAR� functions.

So far, clinical studies on RAS inhibition in autoimmune disease
are rare (for example see ref. 27). Yet, none of the trials elucidated
a mechanism showing how RAS blockade may have a beneficial
effect on the outcome of these autoimmune diseases. Here, we
show a pivotal role for the RAS in immune cell migration in
autoimmune inflammation. These results in the animal model of
EAE may well relate to multiple sclerosis, where levels of serum
ACE activity were suggested as an indicator of disease activity (28).
ACE inhibitors and AT1R blockers are used by millions of people
worldwide for cardiovascular indications, with good tolerability; no
long-term adverse effects on the immune system have been dis-
cerned so far. Thus, studies in multiple sclerosis patients with drugs
targeting the RAS are highly warranted.

Materials and Methods
Mice. C57BL/6 mice were obtained from Harlan Laboratories (Harlan Winkel-
mann), agtr1–/– mice from Jackson Laboratories (Charles River), and kept under
pathogen-free conditions. All experiments were approved by the North-
Rhine-Westphalia authorities for animal experimentation.

Induction and Clinical Evaluation of EAE and DTH Assay. On day 0 p.i., 10-week-
old mice received a s.c. injection of 200 mg of MOG35-55 peptide (Charite) in
CFA containing 200 mg of Mycobacteria tuberculosis [Difco/BD Biosciences
(BD)]. On day 0 and day 2 p.i., 200 ng of pertussis toxin (List/Quadratec) were
applied i.p. Mice were weighed and scored for clinical signs daily according to
a 10-scale score (29): 0 � normal; 1 � reduced tone of tail; 2 � limp tail,
impaired righting; 3 � absent righting; 4 � gait ataxia; 5 � mild paraparesis
of hindlimbs; 6 � moderate paraparesis; 7 � severe paraparesis or paraplegia;
8 � tetraparesis; 9 � moribund; 10 � death. Assessment of DTH responses was
performed as described in ref. 30.

Treatment with Losartan and Aliskiren. Thirty or 120 mg/kg body weight
losartan (Sigma) was given orally once a day. Twenty-five mg/kg body weight
aliskiren (Novartis) was applied via s.c. implanted osmotic pumps (Alzet/
Charles River). Vehicle alone was applied as a negative control.

Blood Pressure Measurements. Systolic blood pressure was measured by tail-
cuff plethysmography (BP-98A; Softron Co.). Ten measurements per mouse
were recorded daily for 3 days before EAE induction and after day 28 p.i.

Immunohistochemistry. H&E staining and immunohistochemistry were per-
formed on 3 �m cross paraffin or cryosections, as described in ref. 29, to
determine inflammatory infiltrates, T cells (Serotec), macrophages, and DCs
(BD). Omitting the primary antibody served as negative control. Blinded
quantification of labeled cells was performed as described (31).

Cell Culture. Peritoneal macrophages were stimulated with IFN-� (100 IU/ml)
(Immunotools) or LPS (100 ng/ml, Sigma). Pan T cells were stimulated with
�-CD3 and �-CD28, each at 1 �g/ml for 48 h. Bone marrow-derived myeloid DCs
were cultured and differentiated as described in ref. 31.

Proliferation Assay. Splenocytes (3 � 105) were stimulated with 20 �g/ml
MOG35-55 peptide or 1.25 �g/ml ConA (Sigma) or medium alone as control for
48 h, followed by a 16-h pulse with 0.2 �Ci 3H-thymidine (ICN). Incorporated
radioactivity was measured with a Betaplate liquid scintillation counter (Perkin–
Elmer).

ELISA. Supernatants were collected after 6 h (peritoneal macrophages) or 48 h
(primary splenocyte culture) and were tested for IFN-�, TGF-�, IL-5, IL-6, IL-10,
IL-17, CCL2, and CXCL10 expression by sandwich ELISA kits (BD and R&D Systems).

FACS Analyses. FACS analysis was performed using a FACS Canto II (BD) and
CellQuest software. Monoclonal antibodies purchased from BD were used to
detect CD4, CD8a, CD3, Ly6c, CD11b, CD11c, CD19, CD80, CD86, MHC-II, NK1.1,
and PDCA-1 (clone JF05–1C2.4.1, Miltenyi). For intracellular staining, the FoxP3
staining kit (eBioscience) was used according to the manufacturer’s instructions.

RT-PCR. For quantification of murine CCL2, CXCL10, CCL3, CCL5, renin, AT1aR,
AT1bR, ACE, and ACE2, we used predeveloped assays from Applied Biosystems
with �-actin as control. All PCR reactions were performed on a 7500 Real Time
PCR System (Applied Biosystems) in quadruplicates; relative quantification
was performed according to Livak and Schmittgen (32).

Macrophage Migration Assay. The chemotactic activity of peritoneal macro-
phages was assayed using a modified protocol as described in ref. 31, with a
polycarbonate filter (pore size 5 �m). After 16 h incubation, migrated cells
were counted by FACS after gating.

Statistical Analyses. Analysis was performed using a Mann Whitney U-test for
clinical courses and histological quantifications, a Kruskal-Wallis test for blood
pressure, and a Student’s t-test for ELISA, RT-PCR, proliferation assays, and
FACS analyses (PRISM software, GraphPad). Data are given as mean values �

SEM unless otherwise indicated. P-values were considered significant at *P �

0.05 and highly significant at **P � 0.01 or ***P � 0.001.

SI. Further methods are available in the SI Methods.
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